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ABSTRACT
SUMMARY: We describe a case series of suspected metallic embolism after coil embolization for intracranial aneurysms. Between January
2012 and December 2014, 110 intracranial aneurysms had been treated by coil embolization in our institution. In 6 cases, the postprocedural
MR imaging revealed abnormal spotty lesions not detected on the preprocedural MR imaging. The lesions were also undetectable on the
postprocedural CT scan. They were demonstrated as low-intensity spots on T1WI, T2WI, DWI, and T2*-weighted imaging. On DWI, they
were accompanied by bright “halo,” and on T2*-weighted imaging, they showed a “blooming” effect. In 3 of the 6 cases, follow-up MR
imaging was available and all the lesions remained and demonstrated no signal changes. Although histologic examination had not been
performed, these neuroradiologic findings strongly supported the lesions being from metallic fragments. No specific responsible device
was detected after reviewing all the devices used for the neuroendovascular treatment in the 6 cases.

Clinically asymptomatic emboli are a common complication

of cerebral angiography and neuroendovascular procedures,

occurring in approximately 20% of cases.1 Foreign body emboli

after cerebral angiography are a much less known complication,

and only a few isolated cases have been reported.2-4 Recently, we

have noticed abnormal signals suggesting metallic emboli on the

postprocedural MR imaging in several cases of coil embolization

for cerebral aneurysms. In this report, we describe the particular

MR imaging findings of suspected metallic emboli following neu-

roendovascular procedures and discuss possible sources for these

findings.

Case Series
After the retrospective review of our medical data base between

January 2012 and December 2014 that contains 110 intracranial

aneurysms treated by coil embolization, we encountered 6 cases

that showed abnormal spotty lesions on the postprocedural MR

imaging. The details of the clinical features of the 6 cases are sum-

marized in Table 1. The devices used for the treatment in the 6

cases are summarized in Table 2. In all 6 cases, the lesions were low

intensity on T1WI, T2WI, DWI, and T2*-weighted images. Addi-

tionally, they were accompanied by a hyperintense “halo” on

DWI and showed a “blooming” effect on T2*-weighted images.

In 5 of the 6 cases (cases 1–5), a postprocedural CT scan was ob-

tained but none of the lesions were detected. Follow-up MR im-

ages were available in 3 of the 6 cases (cases 1, 5, and 6), and in all

3 cases, the lesions remained without any signal changes during

the follow-up periods (range, 6 –34 months). No patients showed

any symptoms associated with the lesions.

Illustrative Cases

Case 1. A 68-year-old woman was treated for a left ICA aneurysm

(Fig 1A) with coil embolization. On the preprocedural MR imag-

ing, no abnormal findings apart the aneurysm were identified. For

the coil embolization procedure, a 5F guiding sheath was placed

in the left ICA and a 1.7F microcatheter was inserted into the

aneurysm by using a 0.014-inch microguidewire. The aneurysm

was embolized with multiple platinum coils (Fig 1B). The MR

images were obtained the next day by using a 1.5T MR imaging

unit (Achieva Nova Dual; Philips Healthcare, Best, the Nether-

lands) with a 5-mm section thickness, and DWI revealed low-

intensity spots accompanied by a hyperintense halo at the left

medial frontal and left parietal regions (Fig 1C, -D). These signals

were obviously different from the bright lesion in the left parietal

lobe indicating thromboembolism (Fig 1E) that showed no signal

changes on T2*-weighted images.

While these lesions were shown as low-intensity spots on

T1WI (Fig 1F) and T2WI (Fig 1G), they had a blooming effect on
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T2*-weighted images (Fig 1H). Head CT (Aquilion ONE CT

scanner; Toshiba Medical Systems, Tokyo, Japan) obtained on the

following day demonstrated no abnormal findings except a coil

mass. The patient was discharged from our hospital 1 week after

the coil embolization without any symptoms. Follow-up MR im-

aging was performed at 13 months after the procedure, and both

abnormal spots remained without any signal changes (Fig 1I, -L).

The patient remained asymptomatic at the last follow-up.

Case 5. A 70-year-old man was referred to our hospital for treat-

ment of his unruptured anterior communicating artery aneurysm

(Fig 2A). Preprocedural MR imaging showed no abnormal find-

ings apart from the aneurysm. The coil embolization was per-

formed; a 6F guiding catheter was placed in his left ICA. After a

balloon catheter was placed underneath the aneurysmal neck by

using a 0.01-inch microguidewire, a 1.7F microcatheter was

placed in the aneurysm by using another 0.014-inch microguide-

wire. During the embolization, the first coil uncoiled, and it was

withdrawn by using a retrieval device. Because the hub of the

FIG 1. A left ICA aneurysm in case 1 (A) is embolized by using
multiple coils (B). Postprocedural DWI shows abnormal low-inten-
sity spots with a hyperintense halo (white arrow) in the left pari-
etal (C) and frontal (D) lobes. These are different from a bright spot
in the left parietal lobe (E), indicating thromboembolism. These
abnormal spots are low intensity on T1WI (F) and T2WI (G) and
show a blooming effect on T2*-weighted images (H). Follow-up
MR imaging obtained 13 months after the procedure shows that
all the abnormal signal spots remain without any signal changes
(I–L).

Table 1: Patient characteristics

Case No.
Patient Age

(yr)/Sex Location of Aneurysm
Aneurysm Size

(mm) Procedure
Procedural Time

(min)
Postprodedural

Symptoms
1 68/F Left ICA 10.2 � 8.2 � 7.3 Coil embolization 170 None
2 56/M Right vertebral artery 15.6 � 7.1 � 6.5 Internal trapping 135 None
3 80/F Right ICA 12.6 � 10.3 � 11.0 Coil embolization 150 None
4 45/F Right ICA 4.9 � 4.5 � 4.3 Coil embolization 158 None
5 70/M Anterior communicating artery 9.6 � 7.1 � 9.5 Coil embolization 145 None
6 41/F Left ICA 5.6 � 4.9 � 3.8 Coil embolization 150 None

Table 2: Devices used for treatment in each case
Devices 1 2 3 4 5 6

0.035-inch Radifocus Standarda � � � � � �
0.035-inch Radifocus Stiffa �
0.035-inch Quick Flex Standardb �
0.010–0.014-inch Tenroub � � � � �
0.014-inch CHIKAIc � � � �
0.010-inch X-Pediond �
0.010-inch SilverSpeedd �
0.014-inch Traxcesse �
Excelsior SL-10f � � � � �
Headway17e � �
Prowler Select Plusg �
Hydrogel coilse � �
ED coilsb � � � �
Target coilsf � � �
Cashmereg �
VFCe �
Orbit Galaxyg � � �
Deltapaqg �
Deltaplushg �
Matrix coilsf �
Scepter XCe � �
HyperFormd �
Enterprise VRDg �
Amplatz GooseNeck Snared �

Note:—� indicates that the product was used.
a Terumo, Tokyo, Japan.
b Kaneka Medix, Osaka, Japan.
c Asahi Intecc, Aichi, Japan.
d Covidien, Irvine, California.
e MicroVention, Tustin, California.
f Stryker, Kalamazoo, Michigan.
g Codman & Shurtleff, Raynham, Massachusetts.
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microcatheter had to be cut to advance the retrieval device,

another 1.7F microcatheter was used for the embolization. The

aneurysm was finally embolized by using multiple platinum coils

(Fig 2B). The MR imaging performed on postoperative day 1 by

using a 1.5T machine (Achieva Nova Dual; Philips) with 5-mm

section thickness demonstrated a low-intensity spot with a hyper-

intense halo on DWI in the right frontal lobe (Fig 2C). A head CT

scan (Aquilion ONE; Toshiba) with 5-mm section thickness ob-

tained on postoperative day 3 showed no abnormal findings ex-

cept a coil mass (Fig 2D). The patient’s postoperative course was

good, and he was discharged from our hospital 1 week after the

procedure without any symptoms. Follow-up MR imaging ob-

tained 3 years after the procedure demonstrated that the lesion

remained at the right frontal lobe without any signal changes

(Fig 2E, -F). The patient remained asymptomatic at the last

follow-up.

DISCUSSION
Because the new low-signal spotty lesions appeared just after the

endovascular procedure and they were restricted to the vascular

territory of the catheterized arteries, it is reasonable to believe they

represented embolic phenomena.

Potential etiologies of the low-signal spotty lesions include air,

thrombus, hemosiderin, calcium deposits, and metal. If they were

air or thrombus, resolution of signal changes would be expected

with time. Moreover, parenchymal ischemic changes due to an

embolism could occur. Hemosiderin is also unlikely because it

does not appear at this early stage just after coil embolization.

Furthermore, if the lesions were calcium, they might be detected

by CT. Metal results in a dark spot on MR imaging because it has

no MR imaging signal. Additionally, it can cause substantial MR

imaging artifacts,5 which could exhibit the hyperintense halo. Be-

cause only microscopic metal fragments are required to produce

MR imaging artifacts,6 it is not surprising that the metal frag-

ments were invisible on CT. Moreover, if microscopic metal frag-

ments were present, it would be reasonable that patients had no

embolic complications. Taking these observations into consider-

ation, we believe that the spotty lesions found on the postopera-

tive MR imaging in our cases were from metallic fragments.

Cerebral MR imaging findings suggesting embolic metal frag-

ments are rare, and only 4 cases have been reported (Table 3).7-10

In addition to a mechanical prosthetic cardiac valve and robotic

surgery, angiographic guidewires used during cardiac catheteriza-

tion were suspected as an embolic source in 2 cases.9, 10 To the best

of our knowledge, this cases series is the first in reporting MR

imaging metallic signal following neuroendovascular treatment

of intracranial aneurysms. Besides the guidewires, various devices

(ie, coils, balloons, and stents) composed of metal are used in

neuroendovascular procedures, which can provide more frequent

opportunities for metallic embolism compared with cardiac

catheterization.

Our study has several limitations. First and most important, it

was not pathologically confirmed that the lesion represented me-

tallic emboli. Because our patients were completely free from

symptoms, it was not reasonable to perform a brain biopsy. Sec-

ond, we cannot determine which devices and which parts could be

a source of metallic emboli in our cases. In neuroendovascular

treatment, metallic emboli can be released at any step, including

delivery; deployment or withdrawal of the devices; friction be-

tween the devices; and detachment of the coils. Coil uncoiling and

withdrawal of the uncoiled coil were likely responsible for metallic

emboli in case 5. However, in the remainder of cases, coil embo-

lization was completed uneventfully. Although MR imaging sus-

ceptibility artifacts vary depending on metals,11 these were not

metal-specific and there is no way to differentiate various metals

on MR imaging. We have reviewed all the devices used during

FIG 2. An anterior communicating artery aneurysm in case 5 (A) is
embolized by using multiple coils (B). Postprocedural DWI shows an
abnormal low-intensity spot with a hyperintense halo (white arrow)
in the right frontal lobe (C), which is undetectable on the postproce-
dural CT (D). Follow-up MR imaging obtained 3 years after the proce-
dure shows that the lesion remains without any signal changes (E
and F).

Table 3: Past cases of suspected metallic embolism
Author Patient/Sex T2WI/Proton T2*-Weighted Image CT Suspected Etiology Symptom

Wingerchuk et al7 35/F Low intensity halo Low intensity blooming Normal Prosthetic cardiac valve None
Naumann et al8 66/M Low intensity halo Not available Not available Prosthetic cardiac valve Seizure
Jassal et al9 55/M Low intensity halo Not available Normal Coronary guidewire Headache
Roshal et al10 55/F Low intensity Low intensity blooming,

halo
Normal Coronary guidewire,

robotic surgery
Headache
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endovascular treatment in these cases (Table 3). No specific de-

vices except one 0.035-inch guidewire (0.035-inch Radifocus

Standard; Terumo, Tokyo, Japan) were used in all cases. It is un-

likely, however, that the 0.035-inch guidewire is responsible be-

cause we have routinely used the guidewire in all endovascular

procedures, including diagnostic angiography. Devices for intra-

cranial use seem more likely than the 0.035-inch guidewire. Fur-

ther investigations should be done in the near future.

Finally, the exact incidence of the abnormal MR imaging

signals was unclear. Our retrospective review included 110

coiling procedures for aneurysm treatment. Although peripro-

cedural MR imaging was available in almost all cases, many

cases lacked pre- and/or postoperative DWI, T2*-weighted im-

ages, or SWI, and only 29 cases had adequate imaging. Prospec-

tive registration with a specific perioperative MR imaging pro-

tocol is ongoing.

CONCLUSIONS
This is the first report on the brain MR imaging findings suggest-

ing that metallic emboli were found after coil embolization of

cerebral aneurysms, to our knowledge. Particular DWI and T2*-

weighted imaging findings of low intensity accompanied by a hy-

perintense halo should be kept in mind for patients undergoing

coil embolization.
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